effect on breast cancer, the Mediterranean dietary pattern seemed to be protective, but only among postmenopausal women (OR4 th vs.1 st quartile (95%CI):0.72(95% CI 0.53;0.98); p-int=0.075). There were no significant differences by tumour subtype.
Conclusion:
Dietary recommendations based on a departure from the Western dietary pattern in favour of the Mediterranean diet could reduce breast cancer risk in the general population.
Keywords: Mediterranean diet; Western diet,; breast neoplasms; prevention and control; population attributable fraction.
LIST OF ABBREVIATIONS
BC: Breast Cancer. n: Number of Individuals.
p-int: p-value for the interaction.
p-het: p-value for the heterogeneity.
p-trend: p-value for trend.
INTRODUCTION
Breast cancer (BC) is the most common type of cancer among women worldwide and one of the main causes of female mortality in medium-and high-income countries [1, 2] . In the last decades, the absolute number of new cases due to BC has increased [2] , emphasizing the need to prioritize prevention as an indispensable tool to reduce the burden of this disease.
According to the scientific evidence, diet, physical activity and weight contribute around 30-35% to the burden of cancer, providing major opportunities for prevention [3] . Recent reviews on research gaps and priorities in BC prevention highlight the need to implement sustainable changes in lifestyle based on these three factors [4] . However, apart from the deleterious effect of overweight and obesity, the only dietary element for which there is strong scientific evidence in relation to BC risk is alcohol, while data on other factors are more heterogeneous [5, 6] . Most studies exploring the effect of diet on BC risk have focused on evaluating the influence of individual foods and nutrients, but some authors argue that overall dietary patterns may better capture variability in the population's food intake, while taking into account possible interactions between individual foods and nutrients [7, 8] .
A recent study that evaluated the association of dietary patterns with BC risk in a group of Spanish women -the EpiGEICAM study -identified three dietary patterns [9] , termed Western (associated with increased risk of BC), Prudent (not associated with BC) and Mediterranean
(protective against BC). The great variability of diets across all the regions included in
EpiGEICAM and the high prevalence of the Mediterranean diet in the Spanish population allowed the identification, over the same population, of two different patterns (Prudent and Mediterranean) commonly confounded in the literature. However, the frequently ignored differences between these two patterns might determine in part in their association with disease risk. Therefore we believe that external validation of the EpiGEICAM results is of great scientific interest.
The objective of the present study is to externally validate the effect of the Western, Prudent and Mediterranean dietary patterns on BC risk found in the EpiGEICAM study, [9] in an independent sample, globally, by menopausal status and by tumour subtype.
METHODS
MCC-Spain (http://www.mccspain.org/) is a population-based multicase-control study conducted between 2008 and 2013 in 12 Spanish provinces to identify environmental, personal and genetic factors related to five common cancers, including BC [10] . The selection of cases and controls has been previously described in detail [10, 11] . Briefly, a single set of population controls were frequency matched by age and sex with the overall distribution of all cancer cases. Controls were selected from the lists of residents assigned to different primary health-care centres that belonged to the same catchment area of the hospitals where the cases were recruited. Controls were contacted by phone, and those who agreed to participate attended a personal interview. BC cases were recruited in 20 hospitals from 10 of the participating provinces (Barcelona, Madrid, Navarra, Guipúzcoa, León, Asturias, Huelva, Cantabria, Valencia and Girona). Cases were identified as soon as possible after diagnosis, through active search that included periodic visits to the collaborating hospital departments. Histologically confirmed incident cases of BC (ICD10: C50, D05.1, D05. 7) with no prior history of the disease and diagnosed within the recruitment period were included.
Participants able to answer the questionnaire, who had lived in the study area for at least 6 months before the diagnosis and who were 20-85 years old were invited to participate. MCC-Spain recruited 1738 incident BC cases and 1910 healthy women. Sample size was exclusively based on the funding available for the study. However, with the current sample size we are able detect a significant OR of 1.27 for increases of one quartile in adherence to the Western pattern and a significant OR of 0.77 for increases of one quartile in adherence to the Mediterranean pattern with a statistical power over 80%. The response rate was 69% among BC cases and 54% among female controls.
A structured computerized epidemiological questionnaire was administered by trained personnel in a face-to-face interview to collect information on socio-demographic factors, lifestyle and personal/family medical history. Missing values on key variables were completed through subsequent telephone contact. Height and weight at different ages were self-reported and data for the year before diagnosis (cases) /interview (controls) were used to compute body mass index (BMI) before BC diagnosis. At the end of the interview participants received the Food Frequency Questionnaire (FFQ) in paper form, to be completed at home and returned by mail. This questionnaire, with 154 items, was a modified version of an instrument previously validated in Spain [12] to include regional products and refers to eating habits during the preceding year. Some questions about general dietary habits were included in the questionnaire and used to adjust the responses to the FFQ following the methodology described in Calvert et al. [13] . Implausible energy intakes (<750 or >= 4500 kcal) were excluded. Postmenopausal status was defined as absence of menstruation in the past 12 months.
Cases were subclassified on the basis of local pathology reports [14] positivity were defined according to ASCO/CAP guidelines [15] .
Here, three dietary patterns identified in a previous case-control study are examined [9] : a) a
Western pattern positively associated with BC risk and characterized by high intakes of high-fat dairy products, processed meat, refined grains, sweets, caloric drinks, convenience food and sauces, and low intakes of low-fat dairy products and whole grains; b) a Prudent pattern that showed no relationship with BC risk and consisted of high intakes of low-fat dairy products, vegetables, fruits, whole grains and juices; and c) a Mediterranean pattern that proved to be protective and was characterized by high intakes of fish, vegetables, legumes, boiled potatoes, fruits, olives and vegetable oil, and a low intake of juices. These patterns were identified in the EpiGEICAM study applying principal components analysis (PCA) without rotation of the variance-covariance matrix over 26 inter-correlated food groups. PCA reports a set of weights (pattern loadings) associated with each food group that represents the correlation between food consumption and the pattern scores and can be used to reproduce such patterns in other samples, as explained in detail elsewhere [16, 17] . Briefly, 146 of the 154 items of the MCC-Spain FFQ (excluding non-caloric and alcoholic beverages) were grouped into the same 26 food groups published in the original article [9] ( Table   1 0=control, 1=BC case) were evaluated using binary logistic regression models with random province-specific intercepts. As fixed-effects terms, the following were considered as confounders: menopausal status; age (years); education; body mass index (BMI, kg/m 2 ); age at first delivery (years); family history of breast cancer; physical activity (metabolic equivalents (METs)) during the 10 years before diagnosis/interview; smoking status; caloric intake (kcal/day); and alcohol intake (ethanol grs/day). Both categorical (grouping the adherence scores into quartiles according to the Finally, assuming a causal relationship between adherence to each of the patterns and BC risk for all analyses, the population attributable fraction (PAF%) was calculated using Levi's formula [19] to estimate the proportion of breast cancer cases in this population that hypothetically would not have occurred if all participants were in the most beneficial quartile of adherence to dietary patterns (first quartile for Western and fourth quartile for Prudent and Mediterranean patterns). Confidence intervals for PAFs were computed using bootstrap with 1000 iterations.
Analyses were performed using STATA/MP (version 14.1, 2015, StataCorp LP) and statistical significance was set at 2-sided p <0.05.
The protocol of MCC-Spain was approved by each of the Ethics Committees of the participating institutions. The specific study reported here was approved by the Instituto de Salud
Carlos III Ethics Committee (reference CEI PI 44_2012). All participants were informed about the study objectives and gave written informed consent.
RESULTS
Initially, data on 1910 controls and 1738 cases of BC were recruited; 1589 controls and 1437 cases returned the diet questionnaire. Cases that provided dietary information later than 6 months after diagnosis were excluded (n=313). Therefore, 1124 cases and 1589 controls aged 24 to 85 years were included in this study. The multivariable analyses were carried out over 1063 cases and 1469 controls because data on either BMI, physical activity, age at first delivery or smoking status was missing for 61 cases and 120 controls.
BC cases were more adherent to the Western pattern and reported higher energy intake than controls, while no differences in the adherence scores for the Prudent and Mediterranean patterns were observed in univariate analyses. BC cases were also slightly younger, had a higher proportion of premenopausal women and showed a higher prevalence of ever smokers, a lower proportion of women with no formal education and a higher proportion of women with a family history of BC ( Table 2) .
The results from the multivariable analyses summarized in prevented if all participants were in the lowest category of adherence to this dietary pattern (Table   4 ).
DISCUSSION
Our results suggest that adherence to the Western dietary pattern might be positively associated with BC risk, both in pre-and postmenopausal women. On the other hand, adherence to the Mediterranean dietary pattern seems to be protective against postmenopausal BC, while a Prudent diet did not seem to have any effect on BC risk.
The EpiGEICAM study [9] also found an increased risk of BC for women with a high
Western pattern score; the risk was even greater in premenopausal women. Recent reviews also claim that this type of diet is associated with increased risk of BC [20, 21] , especially among premenopausal women [22] . The differences found by menopausal status might be related to the greater adherence to the Western pattern observed in younger women (data not shown:
Mean(SD)pre-menopausal: 0.65 (3.23) and Mean(SD)postmenopausal: -1.17(3.34)). A recent study [23] also reports a positive association between mammographic density, one of the most important risk factors for breast cancer [24] , and the Western dietary pattern in a different sample of Spanish women. Regarding the Mediterranean dietary pattern, we only found a potential protective effect among postmenopausal women, while the EpiGEICAM study [9] reported an association for both subgroups, in agreement with most recent reviews [20, 21, 25] . This might be explained by the fact that two out of three women in the present study were postmenopausal, while the premenopausal group represented 55% of the population in the original study [9] . Finally, the Prudent pattern was not associated with BC risk, as in the previous study [9] . The stronger protective effect of the Mediterranean pattern in TN tumours found in the EpiGEICAM study [9] and suggested by other authors [26, 27] was not confirmed here. The estimated ORs were lower for this type of tumour, but far from statistical significance. It should be borne in mind that the number of TN tumours was too small (76 cases) to reach any conclusion. In fact, the distribution of cases by tumour subtype was significantly more homogeneous in the MCC-Spain study (75% ER/PR+, 17% HER+ and 8% TN) than in the EpiGEICAM [9] (67% of ER/PR+, 21% HER+, 12% TN), making it more difficult to find heterogeneity of effects.
The reproducibility of the three data-driven patterns found in the EpiGEICAM study [9] was verified using a sample of more than 3500 women who attended breast cancer screening [16] .
Interestingly, the identified Western pattern [16] was virtually identical to the original reported [9] , while the Mediterranean was not as highly reproducible as the Western pattern. This lower reproducibility of the Mediterranean pattern [16] may explain why its original protective effect is less accentuated in the present study. In fact, a study exploring the applicability of patterns associated with BC in the literature to our context showed more consistent results for patterns labelled as "Western" than for the different versions of Mediterranean/Healthy patterns [17] .
Interestingly, it is common to assume that Western/Unhealthy and Mediterranean/Prudent patterns are inversely correlated. However, the fact that both types of pattern are identified in numerous studies using statistical procedures that extract uncorrelated patterns over the same population [20, 25] demonstrates that this assumption is not always true. Taking this into account and given the significance and strength of the associations found with the Western pattern, we believe that it is important to focus not only on the exploration of the potential protective effect of the Mediterranean dietary pattern (as most studies do), but also on the harmful effects of diets like the Western, to determine which dietary habits should be recommended and which avoided in order to reduce BC risk.
In spite of the high consistency of the increased risk of BC associated with the Western pattern in our context, results provided by other authors are less consistent [28, 29] and some of the most recent reviews conclude that the evidence linking the Western diet with BC is still insufficient [20, 25, 30] . Regarding the Mediterranean pattern, results, as expected, are more heterogeneous:
while some studies report a null finding [28, 31] , others report a protective effect [20, 21, 25] . These differences could be due to several reasons. As has been previously shown [17] , disparities in the composition and labelling of the patterns explored might represent different dietary habits studied under a common label. Additionally, the fact that most studies on dietary patterns and BC risk are carried out in Western countries with lower variability in people's diets may also explain some null results [5] .
Our results should be interpreted in the context of the study´s limitations. Recall bias is always a concern in case-control studies, especially when evaluating the effect of self-reported dietary information. Anticipating the existence of this bias, some questions about general dietary habits were included in the questionnaire and used to adjust the responses to the FFQ following the methodology described in Calvert et al. [13] . In order to minimize even more the effect of this possible bias, only cases that responded to the questionnaire within the 6 months following the diagnosis were included. Additionally, the consistency and strength of the associations found make it unlikely that our findings are a result of recall bias. On the other hand, statistical power was limited for the subgroups analyses, especially when evaluating the association with BC risk by tumour subtype.
One of the main strengths of the current research is the recruitment of histologically incident confirmed cases of BC and population controls. The great geographical variability of the recruited participants, who came from 10 provinces around the country, ensured the representation of the different diets within Spain. Furthermore, the actual sample size allowed the evaluation of potential interactions by menopausal status and an exploration of possible differences by tumour subtypes.
Given the lack of agreement between studies regarding the association of the Western and
Mediterranean dietary patterns with BC risk in the literature and the consistency of the results found in the current study of BC and the past studies on BC [9] and mammographic density [23] carried out in different samples of adult Spanish women, our study adds valuable evidence regarding the association between these two dietary patterns and BC risk. If a country like Spain, with a high compliance with the Mediterranean diet and a moderate adherence to the Western diet, can benefit from abandoning the latter in favour of the former, the benefit in non-Mediterranean countries with a higher BC incidence might be even greater.
CONCLUSION
Breast cancer risk could be reduced in the general population by providing dietary recommendations based on decreasing the consumption of high-fat dairy products, red and processed meat, refined grains, sweets, caloric drinks, juices, convenience food and saucescharacteristic of the Western pattern -in favour of an increase in the intake of whole fruits, vegetables, legumes, vegetable oil, nuts and fish, the main components of the Mediterranean diet.
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